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ABSTRACT 

 

 The endocranial surface description and comparative analyses of two new neandertal occipital 

fragments (labelled SD-1149 and SD-370a) from the El Sidrón site (Asturias, Spain) reveal new 

aspects of neandertal brain morphological asymmetries. The dural sinus drainage pattern, as 

observed on the sagittal-transverse system, as well as the cerebral occipito-petalias, point out a 

slightly differential configuration of the neandertal brain when compared to other Homo species, 

especially H. sapiens. The neandertal dural sinus drainage pattern is organized in a more asymmetric 

mode, in such a way that the superior sagittal sinus (SSS) drains either to the right or to the left 

transverse sinuses, but in no case in a confluent mode (i.e. simultaneous continuation of SSS with 

both right (RTS) and left (LTS) transverse sinuses). Besides, the superior sagittal sinus shows an 

accentuated deviation from of the mid-sagittal plane in its way to the RTS in 35% of neandertals. This 

condition, which increases the asymmetry of the system, is almost nonexistent neither in the analyzed 

Homo fossil species sample nor in that of anatomically modern humans. Regarding the cerebral 

occipito-petalias, neandertals manifest one of the lowest percentages of left petalia of the Homo 

sample (including modern H. sapiens). Since left occipito-petalia is the predominant pattern in 

hominins, it seems as if neandertals would have developed a different pattern of brain hemispheres 

asymmetry. Finally, the relief and position of the the cerebral sulci and gyri impressions observed in 

the El Sidrón occipital specimens look similar to those observed in modern H. sapiens. 

 

Keywords: Paleoneurology, neandertal, brain evolution, dural venous sinuses, occipito-petalias, brain 

asymmetry. 
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INTRODUCTION 

 

 The endocranial surface of the hominin occipital bone is a significant source of information in 

paleoneurology because its prints reflect the morphology of neurological structures. Among these are 

the cerebrum, the cerebellum, the brain venous drainage, the meninges attachments, specially the 

dura mater (by means of the falx cerebri, falx cerebelli and tentorium cerebelli attachment crests), 

hemispheres asymmetries, relevant details of the occipital lobes surface, such as the lunate sulcus, 

and different gyri (Gray, 1995; Pretto-Flores, 2002; Allen, 2006). 

 In the frame of hominin brain evolution, the interest in the study of neandertals paleoneurology 

is clear. Their singular cerebral morphology, the fact that they are one of the largest-brained hominids, 

and the circumstance they are our species closest relatives (i.e. we share a common ancestor), make 

neandertal paleoneurology one important source of knowledge in human brain evolution (Bruner, 

2003). 

 The aim of this paper is the detailed study and description of the endocranial surface of two 

new occipital fragments (SD-1149 and SD-370a) from the El Sidrón site (Rosas et al., 2006), and the 

comparison with the formerly described SD-1219 (Rosas et al., 2008). Although the specimens are 

incomplete (see Bastir et al., 2010 for a description of the exocranial surface), by means of the 

inspection of the bony prints and the comparison with a large fossil Homo and modern and fossil H. 

sapiens samples, paleoneurological aspects of the neandertals can be deduced, especially those 

related to the drainage sinus system pattern, the petalias of the cerebral occipital lobes and sulci and 

brain surface areas. 

 

MATERIAL AND METHODS 

 

 The El Sidrón karstic site is being systematically excavated since 2000. Up to now it has 

yielded more than 1900 human remains, clearly recognized as belonging to H. neanderthalensis 

(Rosas and Aguirre, 1999; Fortea et al., 2003; Rosas et al., 2006, 2010). Recent 14C dating places the 

fossil assemblage around 49 ka (Torres et al., 2010). At the moment a minimum number of twelve 

individuals have been identified (Rosas et al., 2011; Lalueza-Fox et al., 2011). 

The descriptive anatomy of the endocranial surface of the occipital fragments SD-1149 and 

SD-370a has been directly observed on the original fossils. Anatomical terminology is used after 

Rosas et al., (2008). The terminology and location of the sulcus of the occipital region have been 

taken from modern humans revisions of Iaria and Petrides (2007), and Iaria et al., (2008). Sousa et al., 

(2010) has been followed for the description of the lunate sulcus.  

 For comparative purposes two large databases have been created: one with non-modern 

Pleistocene Homo specimens (Table 1), and another one with H. sapiens specimens, including 65 

moderns and 11 fossils: Mladec 1, Skhul V, Singa, Brno III, Dolni Vestonice II, Predmostí 3, 4, 9 and 

10, Jebel Irhoud 1, Combe-Capelle 1). In the first case, the sample consists of scientific quality casts 

and virtual specimens, coming from CT data (Virtual Anthropology Collection, MNCN -CSIC-) and also 

from STL models (NESPOS, www.nespos.org). When necessary, literature has complemented and 

supported the observed data (Grimaud-Hervé, 1997; Broadfield et al., 2001; Holloway et al., 2004; Wu 

et al., 2006; Bruner and Manzi, 2008). H. sapiens data come from 64 dry skulls (Oloriz Collection, 
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Department of Human Anatomy and Embryology I, UCM, Spain, 

http://www.ucm.es/info/museoana/Colecciones/Craneos/index_english.htm) as well as virtual 

specimens and literature (Grimaud-Hervé, 1997; Holloway et al., 2004). All the specimens have been 

visually inspected to record the bony relieves of the sinus drainage system as well as the petalial 

pattern in the inner surface of the occipital bone. The same method has been used in the case of the 

location and identification of the cerebral sulci and gyri impressions. 

 

Anatomical precisions on the dural sinuses 

 The position and trajectory of some dura mater sinuses are highlighted by different 

bony relieves (mainly crests and grooves) present in the inner surface of the occipital bone. These 

sinuses are the superior sagittal sinus (SSS), both right (RTS) and left (LTS) transverse sinuses, the 

occipital sinus, the marginal sinuses and to some extent, the straight sinus through the confluence of 

the sinuses or torcular Herophili. The variability in the pattern and relationship among the dural 

sinuses in H. sapiens, specially around the internal occipital protuberance (IOP), has been profusely 

studied since the nineteenth century (Dumont, 1894). These studies, however, have been carried out 

with diverse populations and using different protocols, which make the standardization of the results 

difficult (Knott, 1881; Okudera et al., 1994; Kobayashi et al., 2006). Sorting of the impressions left by 

the sinuses has been assessed by distinct methodologies (Dumont, 1894; Le Double, 1903; Mannu, 

1907; Testut, 1911, 1921; Edwards, 1931; Woodhall and Seeds, 1936; Browing, 1953; Browder and 

Kaplan, 1976; Dora and Zileli, 1980; Capra and Anderson, 1984; Bisaria, 1985; Durgun et al., 1993; 

Singh et al., 2004; Widjaja and Griffiths, 2004; Das et al., 2008), including 1) direct observation on the 

bone surface, 2) studying the sinuses in corpses, and 3) currently through in vivo magnetic resonance 

venographies. When dealing with fossil specimens, is difficult to strictly follow one of these 

classifications of the sinus drainage pattern due to the fragmentary state of fossil skulls, as well as the 

fact that the cranial blood drainage has been described and classified following different standards. 

Even so, one of the most common classifications divides the sinuses into symmetric and asymmetric 

(i.e. Delmas and Chifflet, 1950). It is also well known that most of the cases are right dominant, as 

testifies the larger diameter and flow of the right transverse and sigmoid sinuses and the internal 

jugular vein, compared with the left side ones (Testut, 1921; Beards et al., 1998). 

In this study the classification proposed by Singh et al., (2004) has been followed, but slightly 

modified. Three main types of drainage patterns have been considered. 1) Confluent type: when a 

clear continuation of the SSS groove with both RTS and LTS grooves can be appreciated. The SSS 

drains somehow into both transverse sinuses, but with different degree of flow towards the right or the 

left sinuses (bifurcation and confluence types have been grouped into the single type confluent). 2) 

Right dominant type: there is a continuation between the SSS and the RTS grooves. The SSS groove 

does not at all connect with the LTS groove. Thus SSS drains only into the RTS. 3) Left dominant 

type: there is a continuation between the SSS and the LTS grooves, with no appreciable connection 

with the RTS groove. In this case the flow from the SSS is exclusively to the LTS. Variations within 

these main types and the symbols used are explained in Table 1.  

 

Table 1 approximately here  
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 Anastomoses have not been considered in this study. Although they imply a small flow among 

the sinuses around the torcular Herophili, usually they do not affect the predominant direction of the 

main flows. Besides, anastomoses do not leave impressions in the surface of the occipital bone. 

  Another variable contemplated in this work is the position of the SSS with respect to the mid-

sagittal plane of the occipital bone: the SSS can run directly over the mid-line, or immediately on its 

right, but also this sinus could be located more distant to the mid-line. Moreover the RTS could be 

located horizontally between the cerebral and cerebellar fossae, or more or less obliquely, or even can 

diverge more cranially.  

 

RESULTS 

 

SD-1149 (Fig. 1) 

 El Sidrón SD-1149 is a fragment of occipital bone consisting of the cranial half of the squama. 

The right lambdoid suture is clearly visible, almost completely until the occipital torus (Fig. 1:1). This 

suture is absent on the left side because the most lateral half of the squama is not preserved. 

 

Endocranial surface 

 SD-1149 has a complete right cerebral fossa and only half of the left fossa. 

 On the inner surface a sagittal crest with two differentiated segments can also be observed: a 

caudal one of about 17.2 mm and a very sharp edge (Fig. 1:2), and a cranial one of about 20.5 mm, 

smooth edge (Fig. 1:3) and slopes of equal inclination. The caudal portion of the sagittal crest is 

bifurcated into an inverted Y-shape (Fig. 1:4), cranially to the IOP, which is partially preserved in this 

specimen. This caudal part has two slopes of unequal inclination and flat surfaces, being the right one 

more inclined and deeper (Fig. 1:6) than the left one, which is smoother (Fig. 1:7) and similar to the 

slopes of the cranial segment. 

  

Right cerebral fossa.  

 This fossa is totally preserved. It shows a series of mammillary eminences and digitiform 

impressions (Fig 1:7) which match the sulci and gyri of the occipital lobe. 

 The deepest area in this fossa, which reflects the position of the right occipital pole (Fig. 1:8), 

is located 20 mm from the sagittal crest. 

 The groove for the SSS can be observed cranially and to the right of the sagittal crest (Fig. 

1:9), with a width of 5.5 mm in its middle third. This groove is delimited by two smooth crests (Fig. 

1:10). The left one runs caudally and parallel to the sagittal crest tending to join it in its caudal portion 

(sharp ridge). Similarly the right crest runs also almost parallel to the sagittal crest. Thus, the SSS 

groove descends following the sagittal crest, and when it approaches the inverted Y-shape bifurcation 

of the sagittal crest, its trajectory slightly changes. This trajectory deviates from the mid-sagittal plane 

(Fig. 1:11), originating the RTS groove, which merely preserves its cranial portion, that is, the superior 

ridge of the groove (Fig. 1:12). In this area, where the SSS changes to the RTS, the groove is wider 

(10 mm) and deeper. The RTS groove draws the caudal limit of the right cerebral fossa, running 

almost horizontally until its lateral margin. 
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Left cerebral fossa. 

 Only two-thirds of the medial part of this fossa are preserved, divided into two main portions by 

a fracture of approximately 2.5 mm: the biggest one, 4/5 of the mentioned surface, and another one 

smaller, caudolaterally located and somehow displaced in posterior direction. The LTS groove is not 

preserved. 

 This fossa is clearly less deep than the right cerebral fossa (Fig. 1:13 and Fig. 2); its deepest 

point is placed close to the mid-line, about 10 mm, and seems to be situated more cranially. 

It is noticeable the presence of some mammillary eminences and digitiform impressions (Fig. 

1:14). In the left cerebral fossa two parallel mammillary impressions are observable, located in the 

area around the occipital pole. The most cranial (superior) impression could correspond to a fragment 

of the lateral occipital sulcus, which could be confused with a portion of the lunate sulcus. The most 

caudal (inferior) impression corresponds to the inferior occipital sulcus. In the right cerebral fossa a 

series of mammillary impressions can be seen, more clearly perceptible in the virtual endocast. In the 

lateral surface corresponding to the occipital lobe some sulci can be recognized: a branch of the 

transversal occipital sulcus, the lateral occipital sulcus and the inferior occipital sulcus. In the medial 

face is remarkable some posterior branches of the calcarine sulcus. 

  

Figures 1 & 2 approximately here 

 

SD-370a (Fig. 3)  

 The El Sidrón SD-370a specimen is a right fragment of occipital bone, comprising the cranial 

part of the squama, preserving most of the right cerebral fossa and part of the lambdoid suture, 

cranially located in the fossil (Fig. 3:1). 

 

Endocranial surface 

 The sagittal crest and neighbouring areas appear markedly cracked (Fig. 3:2), and they are 

also slightly shifted forward. The sagittal crest appears between its first and second cranial thirds. 

Then it follows a caudal trajectory and finally bifurcates into an inverted Y-shape (Fig. 3:3), leaving an 

irregular region between the branches, taphonomically altered, as part of the IOP (Fig. 3:4), which is 

not totally preserved. 

 The sagittal crest has two slopes (Fig. 3:5a and b); the right one with a greater inclination and 

depth than the left one, which seems to be located in a plane more ventrally than the right slope. The 

SSS groove is situated on this right slope (Fig. 3:6) and it is delimited by two crests: the right one, 

smooth, and the left one, sharper, which is in fact the sagittal crest. This crest deviates to the right side 

in its caudal portion (Fig. 3:7), giving rise to a left crest, slightly smoother than the sagittal crest. This 

sagittal crest turns to a more oblique disposition, somewhat laterocaudally inclined, when reaching the 

IOP area, 6 mm away from the mid-plane, forming this way the RTS groove (Fig. 3:8). Caudal to this 

groove, a small portion of the right cerebellar fossa can be observed (Fig. 3:9). 

 The right the cerebral fossae is short and narrow, showing a certain kind of regularity in the 

disposition of the mammillary impressions (Fig. 3:10), converging to the more inclined area of the 

fossa (Fig. 3:11), probably corresponding to the occipital convergent sulci. The left cerebral fossa is 

poorly preserved, with no appreciable presence of sulci and gyri (Fig. 3:12). 
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Figure 3 approximately here 

 

Comparative analysis of the El Sidrón sample 

 

Dural drainage pattern. 

 The dural venous sinuses of the El Sidrón occipitals (SD-1149, SD-370a and SD-1219) show 

an asymmetric right pattern (right dominant type).There is a clear preponderance of this pattern 

among neandertals, with just 3 out of 20 cases of left dominance (Table 1). The absence of the 

confluent type is noticeable. In the same way, other hominin species show mainly right dominance 

pattern (≈61%), although there are some cases of confluence (≈26%), and left dominance (≈13%) 

(Table 1). Concerning H. sapiens, a reduced percentage of left and right dominants (≈12 and 52% 

respectively) and an increment of confluent types can be observed (≈36%) (Table 2). 

 

Table 2 approximately here 

 

 Another outstanding trait observed in some cases is the progressive deviation of the SSS from 

the internal occipital crest in its caudal route, hence the origin of the RTS is at some distance from the 

IOP. In specimens SD-370a and SD-1149, the SSS trajectory and its transition to RTS are adjacent to 

the internal occipital crest (Fig. 4). By contrast, SD-1219 presents a significant deviation of the SSS-

RTS grooves from the internal occipital crest. This singularity, already observed by Kimbel (1984) in 

the Feldhofer specimen, is relatively frequent in neandertals (7 out of 20 cases, 35%, Table 1), while it 

is rare in the rest of the fossil Homo sample. Sporadically it appears in few cases, such as H. habilis 

(KNM-ER1805), H. heidelbergensis (Reilingen), H. rhodesiensis (Kabwe) (Table 1), and archaic H. 

sapiens (Predmostí 4 and 9). It is worth indicating that this deviation is present only in right dominants. 

No left dominants with the SSS-LTS strongly deviated from the midline have been recorded in the 

Homo samples studied, including neandertals and H. sapiens. 

 Besides, the position of the transverse sinus between the two occipital fossae (cerebral and 

cerebellar) is another noticeable aspect to take into account. It can be observed that the RTS groove 

runs strictly horizontally between the two mentioned fossae in SD-1149. On the contrary, the RTS 

enters the cerebellar fossa in SD-370a and SD-1219, especially evident in the latter specimen (Fig. 4). 

 

Figure 4 approximately here 

 

Petalial pattern. 

 SD-1149 presents a right occipito-petalia, and due to an insufficient preservation it is not 

possible to observe any pattern in SD-370a. In addition, specimen SD-1219 shows a clear left 

occipito-petalia (Rosas et al., 2008). 

 The presence of left occipito-petalia is the most frequent case in all of the Homo samples 

evaluated, varying the percentages depending on the species. Thus this pattern has been found in 

84% among H. sapiens, 78% in neandertals (Fig. 5), and 87% in other hominin species, excluding 

neandertals.  
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Mammillary eminences and digitiform impressions. 

 Both specimens SD-1149 and SD-370a show in the cerebral fossae some ridges (mammillary 

eminences) that would correspond to the impressions left by the occipital gyri. Moreover, negative 

relieves produced by the occipital sulci (digitiform impressions) can be appreciated.  

 In SD-1149, which presents a bigger preserved surface of the right occipital fossa than SD-

370a, a virtual 3D endocast has helped in the study and description of those impressions. The 

endocast reproduces the posterior part of the right occipital lobe, showing a more horizontal 

disposition compared to the occipital lobe of modern humans, as well as a more protuberant projection 

of the occipital pole. Regarding the marks seen in the lateral face and the medial part of the endocast, 

in the first one the presence of three transversal and parallel grooves can be observed; the superior 

one, probably originated by the transverse occipital sulcus, and the two inferior ones by the lateral or 

inferior occipital sulcus. Concerning the aforementioned medial part of the endocast, in its most 

posterior part, two grooves can be observed, which converge directly above and below the occipital 

pole, which could be the posterior extension of the calcarine sulcus. It was not possible to note the 

presence of the lunate sulcus because either it is hidden or out of the preserved fragment. 

 

DISCUSSION 

 

 In this work three occipital bones from El Sidrón site are studied. Two of them (SD-1149 y SD-

370a) are described in detail in this paper, and the other one (SD-1219) has been previously 

published in Rosas et al., (2008).  

 The dura mater sinuses of the three specimens show an asymmetric pattern characterized by 

a clear right dominance; besides the LTS appears separated to the left from the IOP. Therefore the 

SSS continues with the RTS, and, based on the variability of the sinuses described in the literature, 

the straight sinus would continue with the LTS. The right dominance observed in these specimens fits 

with the percentages of the neandertal sample (n=20; 85%). However, the remaining 15% is left 

dominant, and there is no case of venous confluence. 

 These percentages of dural sinuses right/left asymmetries are different in the Homo fossil and 

H. sapiens samples. In Homo fossil, the presence of right dominants is of about 61%, left dominance 

in 13% of the specimens and 26% are confluents. In H. sapiens 52% are right dominants, 12% of left 

dominance, and 36% of confluence. It can be noted that in the hypothetical lineage leading to modern 

H. sapiens, there seem to be a trend towards an increasing of the confluent type, mainly at the 

expense of left dominants, while right dominance is still prevalent, but less than in the neandertal 

sample (Table 1 and Fig. 5).  

 

Ontogenetic determinants of dural sinuses asymmetry  

 The asymmetry of the dura mater sinuses, and specially the supremacy of right dominance, 

has been a widely studied topic both in prenatal and postnatal stages. However, the ontogenetic 

mechanisms that lead to this variation are far from been understood, although some hypotheses have 

been formulated since the late nineteenth century. Le Double (1903) considers right dominance as a 

local consequence of the venous system development at organism level. At early embryonic stages, 
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the blood flow in the left side of the heart becomes deviated to the right auricle; hence similar 

mechanisms would act in the cephalic region. According to Streeter (1918), the deviation of the blood 

flow to the right begins early in the development (embryos at 13.8 mm stage, 6 gestational stage), 

when the venous plexus located between the two telencephalic vesicles (sagittal plexus), resolved in 

more developed ducts oriented to the right. That is, whereas there is still a venous plexus to the left of 

the tentorial region, ducts of bigger calibre are already developed in the right side, with disappearance 

of a great part of the plexus. This asymmetry is more apparent in 20 mm stage embryos (8 weeks old), 

whereas in 54 mm stage embryos (10 weeks old), the configuration of the asymmetry is by then quite 

similar to the adult stage.  

 However Padget (1956) concludes that right predominance is the result of a more advanced 

restructuring in the development, going through a previous stage where the blood flow deviates to the 

right, even when the flow comes from the straight sinus. This phase coincides with the elongation of 

the anterior cardinal veins at a time the heart passes into the thoracic cavity. During this time, and due 

to the development of the head, the anterior cardinal veins increase their diameter (Padget, 1956; 

Gray, 1995). Initially, the cardiovascular system is symmetric, but between the forth and the eighth 

week of development, a number of factors deviate the blood flow from the left to the right side. Firstly, 

blood flow deviation occurs because of the displacement to the right of the venous sinus left branch as 

a result of the movement of the cardiac tube. Secondly, the blood begins to flow into the right auricle 

instead of into the common auricle (Moore and Persaud, 2008; Sadler, 2009). A number of left-right 

anastomoses between the anterior and in particular the posterior cardinal veins, reorganizes the whole 

system. In 50 days post-fertilization embryos (18-22 mm stages), the anastomosis that will become 

the left brachiocephalic vein appears as an attempt to overcome the head venous drainage deviation 

from left to right (Padget, 1956). A new adjustment occurs later giving rise to the rest of variations in 

the sinuses, being -following this author- more likely the confluent type than the right dominant, which 

was only temporary during the venous reorganization, basically between the forth and the eighth 

week.  

 Nevertheless Alper et al., (2004) in an analysis of transverse sinuses asymmetries carried out 

with magnetic resonance venographies, concludes that hypoplasias and aplasias occur more 

frequently in the LTS than in the RTS, thus facilitating the right transverse sinus venous transport. 

These authors found 20% of aplasias and 39% of hypoplasias in the LTS, against 4% of aplasias and 

6% of hypoplasias in the RTS. This may mean that the asymmetry pathological pattern of the venous 

sinuses is unequal for both sides, hypothetically based on different genetic programs for each one 

(Loughna and Sato, 2001). Therefore, for some unknown reason right deviation of the blood flow must 

prevail. 

 Analyzing the hypothetical evolutionary line from H. ergaster to H. neanderthalensis, there 

seems to be an increasing right dominance. Thus in H. ergaster and H. heidelbergensis right 

dominance is less represented (0% and 50 % respectively, although these samples are very small, 

see Fig. 5 for n), than in neandertals (85 %). In addition, a surprising absence of confluence as well as 

a high proportion of right dominance emerges in classic neandertals. Conversely, H. sapiens is 

characterized by an increase in confluence (36%) at the expense of right and left dominance (52% 

and 12% respectively) (Fig. 5). 
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The massively constructed neandertal body, associated to a sprinter-like pattern of muscular 

movements and a high basal metabolic rate (Churchill, 2006), may demand a higher brain effort for 

the somatic and visceral control and regulation. A heightened lateralization of the blood flux towards 

the right side could increment the efficiency in the blood brain refill (e.g. cooling, oxygen and sugar 

supply, etc.) as connecting directly to heart. Blood displacement from left to right has a long 

phylogentic background (e.g. Primates), so the extreme right dominance in neandertals may be an 

extreme exploitation of an historical constraint. 

 

Figure 5 approximately here 

 

 The trajectory of the SSS-RTS at the level of the IOP is another relevant aspect. The 

beginning of the RTS is located in most of the cases close to the IOP. However, as there are some 

examples in which the trajectory of the SSS moves away from the mid-sagittal plane, the segment 

corresponding to the SSS-RTS transition runs to a certain distance from the IOP. Besides, the course 

followed by the RTS between the cerebral and cerebellar fossae seems interesting to note. So, 

specimen SD-1149 shows a nearly horizontal trajectory, while in SD-370a it is somehow oblique in 

caudolateral direction, and very oblique in SD-1219 (Fig. 4). Given that the insertion of the cerebellar 

tentorium occurs at the boundary between the cerebral and cerebellar fossae, and that the tentorium 

contains the transverse sinuses, it can be inferred that the peripheral insertion of the cerebellar 

tentorium varies. Thereby, SD-1149 shows the insertion of the cerebellar tentorium in the strip 

between the two fossae, while this insertion is asymmetric in SD-1219 and SD-370a (Fig. 4). In this 

way, the space containing the right cerebellar hemisphere would be smaller than the left one, being 

the insertion of the tentorium cerebelli in a disposition more caudal than in the left hemisphere. This 

may correspond to different asymmetries between the cerebral and cerebellar hemispheres. 

 

Occipital petalias. 

 SD-1219 and SD-1149 allow inferring noticeable asymmetries, but SD-370a does not preserve 

information on this. In the genus Homo the left occipito-petalia is the most common (Table 1). Figure 5 

shows the dominance of left petalias in all the species considered. Note, however, that the small 

sample size of some species does not allow a clear generalization. 

 Relative to other species of Homo, neandertals show one of the lowest proportions of left 

occipito-petalias (78%, Fig. 5). These data point to a different distribution of the asymmetries of the 

cerebral hemispheres in H. neanderthalensis compared to other species of Homo. The right petalia in 

neandertals increases at the expense of the left, well illustrated by SD-1149. By comparison, the 

highest values of left occipital petalia are found in (Asian) H. erectus (Fig. 5) (note however the small 

sample size). 

 In the case of H. sapiens, there is an evident dominance of left occipito-petalia (84%, Fig. 5). 

These data show that the left occipital pole in neandertals is less frequently projected in posterior 

direction than in H. sapiens, which differs most with H. erectus, showing a greater degree of 

asymmetry for this variable. 

 

Relationship between pattern of venous sinuses and petalias. 
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 Most of the cases studied in both Homo samples (fossil and modern H. sapiens), are right 

vascular dominant and left occipito-petalia, like specimen SD-1219. These data are consistent with 

previous studies in modern humans (Toga and Thompson, 2003). As a possible explanation, one 

might think of a mechanical effect: the projection of the left occipital lobe would displace the SSS-RTS 

to the right side. But it seems not to be the case since right occipito-petalia and right venous sinuses 

dominance appear together, as in SD-1149 or Le Moustier-1 (see Table 1). Because there are other 

combinations (i.e. right petalia-right venous dominant and left petalia-left venous dominant), causes 

leading to the formation of occipito-petalias might be independent of those involved in the sinuses 

asymmetry, taking into account the possibility of interactions during development. 

 It is consequently remarkable that neandertals display a relatively high right vascular 

asymmetry, together with a decreased frequency of left occipito-petalia, departing from the proportion 

of the remaining species of Homo (Fig. 5). 

 

Mammillary eminences and digitiform impressions. 

 Mammillary and digitiform impressions can be clearly seen in the El Sidrón specimens (Fig. 4). 

In SD-370a the lateral occipital sulcus and the inferior occipital sulcus can be seen. The first one could 

be confused with a posterior prolongation of the lunate sulcus. However this sulcus is located in a 

more anterior position and close to the lambdoid suture, as it is shown by the endocast of some 

neandertals (Amud 1, La Ferrassie 1, Guattari 1, Spy I and Spy II), H. heidelbergensis/rhodesiensis 

(Reilingen and Kabwe), and H. erectus (OH12, Sangiran 10 and Trinil) (Holloway et al., 2004). 

 In SD-1149 the mammillary eminences are more abundant than in SD-370a. So in its left 

cerebral fossa some sulci can be recognized: the inferior occipital sulcus and the parieto-ocipital 

sulcus. In the right cerebral fossa by means of a virtual endocast, a branch of the transverse occipital 

sulcus, lateral occipital sulcus and inferior occipital sulcus, have been identified. In the medial face of 

the endocast, two sulci are observable which could reflect two branches of the calcarine sulcus. As in 

SD-370a, it has not been possible to identify the lunate sulcus.  

 The inferior occipital sulcus observed in both El Sidrón occipitals (SD-370a and SD-1149) is 

also recognizable in other neandertal endocasts such as La Ferrassie 1, La Quina 9 and Le Moustier 

1, and also in some H. erectus (Sangiran 2, 10, 12, 17 and Trinil 2) (Grimaud-Hervé, 1997). The 

transverse occipital sulcus, noticed in SD-1149, has been found only in the Reilingen endocast 

(Holloway et al, 2004). The rest of the sulci have not been identified in the virtual endocasts of the 

Table 1 specimens. 

 The occipital sulci of the El Sidrón specimens appear located in similar areas when compared 

with H. sapiens (Iaria and Petrides, 2007). This could indicate that the system of sulci and gyri of the 

neandertal occipital lobe presents many similarities with extant humans.  

 It is also interesting to note in SD-1149 that the occipital pole is more protuberant in posterior 

direction, and also it is orientated in a more horizontal position compared with modern humans. This 

seems to be congruent in view of the neandertal skull morphology, more elongated in antero-posterior 

direction than in other hominids, as can be seen when compared with other hominin species. 

 

CONCLUSIONS 
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 The dural venous drainage pattern of the neandertals appears more asymmetric than in other 

hominin species. This asymmetry is expressed in a qualitative and quantitative way. On the one hand, 

among neandertals there are only cases of either right or left dominance, being absent the confluent 

pattern (which is present in other hominin species). On the other hand, almost half of cases of right 

dominance present the trajectory of the SSS clearly separated from the mid-sagittal plane. This 

marked deviation from the midline is scarcely represented in the other Homo species. In short, the 

singularity of the neandertal dural sinus drainage system is based on: 1- the absence of confluent 

pattern, 2- the largest percentage of right dominants, and 3- a greater deviation in some cases of the 

sagittal sinus from the mid-line. Putting these data in context, the asymmetry pattern observed in 

adults may be informative about early ontogenetic morphogenesis. 

 Right dominance in the venous drainage and left occipito-petalia is the most common 

combination in fossil Homo and anatomically modern H. sapiens. By contrast, a lower prevalence of 

the left occipito-petalia has been found in neandertals. The presence of asymmetries in the venous 

drainage and the petalial patterns seems to be the result of independent or very distantly related 

causes.  

 Finally, the morphology and distribution of the occipital lobe sulci and gyri appear to be similar 

in neandertals and modern H. sapiens.  
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TABLES 
 
 
Table 1. Comparative sample of non-modern Pleistocene Homo specimens, with the observed dural 
venous sinus drainage and petalial patterns.  
 
SSS: superior sagittal sinus; RTS: right transverse sinus; LTS: left transverse sinus; R: right; L: left; C: 
confluent. Literature: 1. Holloway et al., (2004); 2. Grimaud-Hervé, (1997); 3. Bruner and Manzi, 
(2008); 4. Wu et al., (2006); 5. Broadfield et al., (2001). 
 
 SSS continues by RTS. LTS also present but with no appreciable connection with SSS. Right 

dominant. 
 
 SSS continues by LTS. RTS also present but with no appreciable connection with SSS. Left 

dominant. 
 
 SSS continues by RTS. LTS not marked. Right dominant. 
 
 SSS continues by LTS. RTS not marked. Left dominant. 
 
 SSS continues by both RTS and LTS. Confluent.  
  
   ? Not clear, uncertain. 
 
 ? Absent part. 
 
 SSS continues by RTS which deviates from the sagittal crest of attachment of falx cerebri. 
 LTS also marked but with no appreciable connection with SSS. Right dominant. 
 
 

Specimen        Species 
Occipito- 
Petalia 

Sinus 
Pattern 

Sinuses 
dominance 

Sort of Data 

SD-1219 H. neanderthalensis L 
 

R Original 

SD-1149 H. neanderthalensis R 
     ? 

R Original 

SD-370a H. neanderthalensis ? 
      ?

 

R Original 

La Ferrassie-1 H. neanderthalensis L 
 

R Virtual & Literature1 

La Chapelle-1 H. neanderthalensis R 
 

R Virtual & Literature1 

Gibraltar-1 H. neanderthalensis L 
         

R Virtual & Literature1 

Biache-1 H. neanderthalensis ? 
 

R Cast 

La Chaise S9 H. neanderthalensis L 
      

R Cast 

La Chaise BD6 H. neanderthalensis L 
       

R Virtual & Cast 

Guattari-1 H. neanderthalensis L 
 

R Virtual & Literature1 

Salzgitter-1 H. neanderthalensis R 
 

L Virtual 

Le Moustier-1 H. neanderthalensis R 
   

R Virtual & Literature2 

Tabūn-I (C1) H. neanderthalensis L 
       

R Virtual 

Spy-I H. neanderthalensis L 
   

L Virtual & Literature1 

Spy-II H. neanderthalensis L 
 

R Virtual & Literature1 

Amud 1 H. neanderthalensis L 
?
 

L Virtual & Literature1 

Saccopastore 1 H. neanderthalensis L 
 

R Literature3 

Ehringsdorf 9 H. neanderthalensis L 
 

R Virtual & Literature2 
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Specimen        Species 
Occipito- 
Petalia 

Sinus 
Pattern 

Sinuses 
dominance 

Sort of Data 

Teshik-Tash H. neanderthalensis L 
 

R Literature2 

Feldhofer 1 H. neanderthalensis L 
 

R Literature2 

Kabwe H. rhodesiensis ? 
 
  

R Virtual & Literature1 

Ndutu H. rhodesiensis L 
 

C Virtual 

Reilingen H. heidelbergensis L 
 

R Virtual & Literature1 

Swanscombe H. heidelbergensis L 
 

L Virtual & Literature1 

Steinheim H. heidelbergensis L 
 

C Virtual 

Vérteszöllös 2 H. heidelbergensis L 
 

R Cast 

Hexian H. erectus R 
 

C Literature4 

Sangiran 2 H. erectus R 
 

L Virtual & Literature1,2 

Sangiran 4 H. erectus L 
 ?  ? 

R Virtual & Literature1 

Sangiran 10 H. erectus L 
  

R Literature1,2 

Sangiran 12 H. erectus L 
 

R Cast & Literature1,2 

Sangiran 17 H. erectus L 
 

R Literature1,2 

Nanjing I H. erectus ? 
 

C Cast 

ZKD Skull III, E H. erectus L 
 

R Cast & Literature1,2 

ZKD Skull I, L H. erectus L 
  

R Literature1,2 

ZKD Skull III, L H. erectus L 
 

R Literature1,2 

ZKD Skull XI, L H. erectus R 
 

R Literature2 

Ngandong 1 H. erectus L 
 

R Literature1,2 

Ngandong 6 H. erectus L 
 

R Literature1,2 

Ngandong 7 H. erectus L 
 

C Literature1,2 

Trinil 2 H. erectus L 
 

R Literature1,2 

Sambungmacan 3 H. erectus L 
 

L Virtual & Literature6 

Salé Homo sp. L 
 

C Literature1 

KNM-ER 1500 H. ergaster L 
       

C Virtual 

KNM-ER 3733 H. ergaster L 
 

C Virtual & Literature1 

OH-9 H. ergaster L 
      ? 

L Virtual 

KNM-ER 1470 H. rudolfensis L 
 

R Virtual & Literature1 

KNM-ER 1805 H. habilis L 
 

R Literature1 

KNM-ER 1813 H. habilis R 
 

R Virtual & Literature1 

OH 13 H. habilis L 
 

R Literature1 

OH 24 H. habilis L 
             ? 

R Literature1 
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Table 2: Homo sapiens sample (n= 75), showing the percentages of the three main dura mater sinus 
drainage patterns. The sample consists of modern and archaic H. sapiens specimens. 

 
 
 Specimens n 

Right 
dominant 

Confluent 
Left 

dominant 

Modern 65 31 25 9 

Fossils 10 8 2 0 

Total 75 52% 36% 12% 
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FIGURE LEGENDS 

 
Figure 1. El Sidrón occipital SD-1149. Endocranial view showing some anatomical traits.  

 
 1. Lambdoid suture 
 2. Caudal portion of the sagittal crest 
 3. Cranial portion of the sagittal crest 
 4. Inverted Y-shape bifurcation of the sagittal crest, located immediately above the internal 

occipital protuberance 
 5. Right slope of the sagittal crest 
 6. Left slope of the sagittal crest 
 7. Mammillary and digitiform impressions 
 8. Deepest area of the right cerebral fossa 
 9. Caudal portion of the superior sagittal sinus groove 
 10. Right and left slopes of the superior sagittal sinus. The dotted line shows its path 
 11. Area where the superior sagittal sinus change its trajectory forming the right transverse sinus 
 12. Superior crest of the right transverse sinus groove 
 13. Deepest area of the left cerebral fossa 
 14. Mammillary eminences in the left cerebral fossa 
 
 
Figure 2. LEFT: axial CT cuts of the El Sidrón occipital SD-1149 showing the deepest area of the left 
cerebral occipital fossa (A, arrow), and the right cerebral occipital fossa (B, arrow). RIGHT: 
endocranial view of the virtual specimen with the cut planes. Note that they are not localized at the 
same level: the left fossa (A) has its deepest area situated more cranially than the right one (B). 
 
 
Figure 3. Endocranial view of El Sidrón occipital SD-370a with some anatomical traits described.  
 
 1. Area where the lambdoid suture is preserved 
 2. Sagittal crest 
 3. Inverted Y-shaped bifurcation of the sagittal crest 
 4. Area taphonomically altered in the internal occipital protuberance 
 5. Right (5a) and left (5b) slopes of the sagittal crest 
 6. Superior sagittal sinus groove 
 7. Area where the change of trajectory of the superior sagittal sinus to the right originates the right 

transverse sinus 
 8. Right transverse sinus groove 
 9. Cranial part of the right cerebellar fossa 
 10. Mammillary impressions 
 11. Deepest area of the right cerebral fossa 
 12. Preserved part of the left cerebral fossa 

 
 
Figure 4. Anterior view of three occipitals from El Sidrón site where the dural venous sinuses have 
been virtually reconstructed. A: specimen SD-1219, B: specimen SD-1149, with the fragmented part of 
the left fossa repositioned (arrow), and C: specimen SD-370a. 1- superior sagittal sinus; 2- right 
transverse sinus; 3- hypothetical straight sinus; 4- left transverse sinus; 5- left sigmoid sinus; 6- 
superior petrosal sinus; 7- internal jugular vein; 8- hypothetical communication between right and left 
venous systems. Interestingly although all of them have a right drainage pattern (superior sagittal 
sinus continues with right transverse sinus), there are slight differences: the transverse sinus of SD-
1149 (B) flows more horizontally than in SD-1219 (A) and SD-1149 (C); these ones show a more 
caudal trajectory and the transition area between sagittal and transverse sinuses describes a wider 
bend. 

 
 
Figure 5. A potential phylogenetic tree of Homo. For each analyzed species circular diagrams are 
shown with percentages: left (L) or right (R) occipito-petalias (left-hand side of the species blue bar), 
and cranial blood sinus drainage pattern (right-hand side of the species blue bar; in this case L means 
left dominant, R right dominant and C confluent). 
 




